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IntroductionIntroduction
�� The Biomedical Engineer’s The Biomedical Engineer’s 

console is situated in a console is situated in a 
complex environmentcomplex environment
�� Multiple agents and artifacts Multiple agents and artifacts 

distributed across space and distributed across space and 
timetime

�� Collection of information is Collection of information is 
difficult to retrievedifficult to retrieve

BMEs BMEs responsible for responsible for 
�� the technical and operational the technical and operational 

support of medical eventssupport of medical events
�� continuous logging and continuous logging and 

archiving of events generated archiving of events generated 
throughout the BMEs’ shiftsthroughout the BMEs’ shifts
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Linked Tools for Agents and Team MembersLinked Tools for Agents and Team Members

Logger Notifier

WorkIT Report Maker

Team Work Center portal

Pager
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Team

Members

Team
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Instructions References Other Tools

Notices

NoticesNotices

Notices

Log Entries
Log Entries

Actions

Reports

ActionsStatus

Logs

Workspaces Reports

Files/Links Reports Flight Notes…CHITs

Use 
Tools

Use 
Tools

A team member enters content once, for use in multiple places

Data and 
ISMA Info

Data

ReportsLogs
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HumanHuman--Centered Distributed Information DesignCentered Distributed Information Design

User Analysis

Functional Analysis

Task Analysis

Representational 
Analysis

Multiple levels of analysis

Contents for system implementation:

Functional requirements; task structures; 
information flow diagrams; task-specific, event-

related, and context-senitive information 
displays; interface design recommendations: 

and so on

Distributed Cognition Analysis

Distributed user analysis 

Distributed functional analysis

Distributed representational analysis

Distributed task analysis

User Analysis: identify cognitive 
characteristics of existing and 
potential users, such as expertise 
and skills, knowledge base, age, 
education, cognitive capacities and 
limitations, etc

Distributed User Analysis: 
analyze division of labor, 
overlap of knowledge and 
skills, pattern of 
communication, social 
interaction

Functional Analysis: identify top-level 
domain structure and ideal task space 
independent of implementations.

Distributed Functional Analysis: 
analyze top-level interrelations and 
constrains of human and artificial 
agents in the domain.

Task Analysis: identify system 
functions that have to be performed, 
procedures and actions to be carried 
out, information to be processed, 
pattern and dynamics of information 
flow, input and output formats, 
constraints that must be considered, 
communication needs, and the 
organization and structure of the task.

Distributed Task Analysis: 
analyze space and time 
distributions of activities, 
information flow dynamics 
across human and artificial 
agents,  compatabilities
between agents.

Representational Analysis: identify 
the best information display format 
and the best information flow 
structure for a given task such that 
the interaction between users and 
systems is in a direct interaction 
mode.

Distributed Representation 
Analysis: analyze how the same 
information can be distributed 
across human and artificial agents 
in different ways under different 
implementations and  .find out 
which implementation is most 
efficient for which task.

Contents for System 
Implementation:

Functional Abstraction Hierarchy; 
user profiles;  hierarchical task 

structure; information flow diagrams; 
task-specific, event-related, and 
context-sensitive  information 

displays; interface design 
recommendations; and so on.
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LognotesLognotes
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2-hour video tape
1-week log notes

Interview with BME
ISS internal documents

Develop a coding scheme
Represent by a 3-tier related 

hierarchical menu Build a web-
based multi-user database

Add control on input
Improve the consistency of 

content
Provide combined search

Allow multi user accessibility

2 hour video tape
1 week log notes

Interview with BME
ISS internal documents

Add control on input
Improve the consistency of 

content
Provide combined search

Allow multi user accessibilityDevelop a coding scheme
Represent by a 3-tier related 

hierarchical menu Build a web-
based multi-user database
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Search InterfaceSearch Interface

�� An adequate search interface can reduce An adequate search interface can reduce 
cognitive work load.cognitive work load.

�� Related menus allow Related menus allow 
selection at every level of selection at every level of 
hierarchy hierarchy 

�� One menu controls the One menu controls the 
contents of the otherscontents of the others

�� Well developed coding Well developed coding 
scheme increases the scheme increases the 
accuracy of searchaccuracy of search
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New format and search resultsNew format and search results

Log Notes stored in Log Notes stored in 
SQL Server DatabaseSQL Server Database

Search Results of Search Results of 
TEPC from DatabaseTEPC from Database
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Brahms ModelingBrahms Modeling
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Brahms Project: Brahms Project: 
ObjectiveObjective

�� Part of Analysis/Data Collection phasePart of Analysis/Data Collection phase
�� Apply Brahms as a modelApply Brahms as a model--based based 

approach toapproach to
�� understand the complex humanunderstand the complex human--computer computer 

social dynamics that exist within the BME social dynamics that exist within the BME 
domain domain 

�� Identify design constraints  Identify design constraints  

�� Investigate potential benefits of Investigate potential benefits of 
Brahms for further analyses in SMARTBrahms for further analyses in SMART
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Brahms

Evaluate Brahms as a tool to model 
and simulate BMEs’ work practices to 
identify constraints and design criteria 
for human-centered system design

Evaluate Brahms as a tool to 
model and simulate BMEs’ work 
practices to identify constraints 
and design criteria for human-
centered system design



1515

Brahms ProjectBrahms Project
MethodologyMethodology

�� Work practice operational methodology: Work practice operational methodology: 
�� Observed and analyzed the work practice of Observed and analyzed the work practice of 

BME utilizing knowledge resources BME utilizing knowledge resources 

�� Created formal models of work practiceCreated formal models of work practice
�� Compiled and simulated the work practiceCompiled and simulated the work practice
�� Observed the simulationObserved the simulation
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Brahms Project:Brahms Project:
Simulation ScenarioSimulation Scenario

�� BME’sBME’s Issue handling Issue handling 
activityactivity
�� BME is asked to find BME is asked to find 

the water sampling the water sampling 
procedure. procedure. 

�� If BME is unable to If BME is unable to 
recall the procedure recall the procedure 
from memory, then he from memory, then he 
searches the web for searches the web for 
an online document.an online document.

�� If BME does not find it If BME does not find it 
online, then BME online, then BME 
searches the manual searches the manual 
on the bookshelf.on the bookshelf.

Search web source

Receive information
to search

Search manual

Communicate search
result

Agent knows the
answer
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Agent Model DesignAgent Model Design

Console BME

Agent A

+OnDuty
+TimePerceived
+Experienced
+KnowledgeOfAnswer

BME BaseGroup
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Object Model DesignObject Model Design

BaseClass

Clock Procedure ProcedureSource

ManualSource WebSource*

*

WS_ManualSource

WS_WebSourceWS_Procedure

contains

contains

BME_Clock
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Geography Model DesignGeography Model Design

AreaDef

World Building+PartOf

JohnsonSpaceCenter

BMEs' room

ShelfArea

room

MCC

+PartOf
+PartOf

ComputerArea

ConsoleArea

PartOf

+PartOf +PartOf
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Agent Viewer ScreenshotAgent Viewer Screenshot

Selected Activity

Activity Context Tree

Agent/Object Tree View

Time Line

Tool Tip
Primitive Activity

Composite Activity Workframe

Location

Communication

Activity Time

Workframe Body

Selected Workframe
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Brahms Project:Brahms Project:
SummarySummary

�� A higher level of analysis may be more A higher level of analysis may be more 
applicable for this investigationapplicable for this investigation

�� Time/cost benefit analysis revealed modeling is Time/cost benefit analysis revealed modeling is 
not costnot cost--effective for domains where constraints effective for domains where constraints 
can be inferred directly and time/resources can be inferred directly and time/resources 
investment is relatively smallinvestment is relatively small

�� Brahms will probably be very useful in situations Brahms will probably be very useful in situations 
where subtle and complex interactions may be where subtle and complex interactions may be 
undetected within the system undetected within the system 

�� Brahms modeling process leads to a deeper Brahms modeling process leads to a deeper 
understanding of the complex environmentunderstanding of the complex environment
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WorkitWorkit
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October 2001:
Observations

Log Notes
Interviews

ISS Manuals

WorkIT

October 2001:
Observations

Log Notes
Interviews

ISS Manuals
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October 2001:
Observations

Log Notes
Interviews

ISS Manuals

WorkIT

Organizational Memory
Problem Solving
Communication

Work EnvironmentOrganizational 
Memory

Problem Solving
Communication

Work Environment
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Constraints and QualitiesConstraints and Qualities
Organizational MemoryOrganizational Memory

�� Informal knowledge not adequately capturedInformal knowledge not adequately captured
�� Formal knowledge not framed within contextFormal knowledge not framed within context
�� Limited successful searchability of information Limited successful searchability of information 

Problem SolvingProblem Solving
�� Requires the interaction and exchange of information Requires the interaction and exchange of information 

across multiple agents distributed across time and across multiple agents distributed across time and 
space dimensionsspace dimensions

�� Contingent upon receiving information from multiple Contingent upon receiving information from multiple 
sourcessources

�� Involves multiple subInvolves multiple sub--issues nested within a main issues nested within a main 
issueissue

�� Repeated problem solving for routine tasks Repeated problem solving for routine tasks 



2727

Constraints and QualitiesConstraints and Qualities

CommunicationCommunication
�� BME’s function as an “information relay station”BME’s function as an “information relay station”
�� Information is relayed across various mediums Information is relayed across various mediums 
�� Minimal information shared across the groupsMinimal information shared across the groups
�� Significant number of the group uniformedSignificant number of the group uniformed
�� Most frequent communication pattern is oneMost frequent communication pattern is one--toto--one to one to 

a large distributed groupa large distributed group

Work EnvironmentWork Environment
�� Numerous interactions requiring a highNumerous interactions requiring a high--level of    level of    

multimulti--taskingtasking
�� Highly interruptionHighly interruption--oriented work environmentoriented work environment
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October 2001: 
Observations

Log Notes
Interviews

ISS Manuals

Capture informal knowledge 
Frame formal knowledge 

within context 
Decrease interruptions
Increase search and retrieval
Increase information sharing
Minimize repeated problem                          

solving for routine tasks
Redirect one-to-one to group                                                    

communication patterns

WorkIT

Capture informal knowledge 
Frame formal knowledge 

within context 
Decrease interruptions
Increase search and retrieval
Increase information sharing
Minimize repeated problem                          

solving for routine tasks
Redirect one-to-one to group                                                    

communication patterns
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TEPC Issues IdentifiedTEPC Issues Identified

BMEs thought that a similar problem had BMEs thought that a similar problem had 
occurred previously with TEPC but they occurred previously with TEPC but they 
were uncertain about the nature of the were uncertain about the nature of the 
problem, and who, how or if the problem problem, and who, how or if the problem 
was resolved was resolved 

Characteristics of Design CriteriaCharacteristics of Design Criteria
� Capture informal knowledge 
� Frame formal knowledge within context
� Increase information sharing across groups
� Minimize repeated problem solving with routine tasks
� Increase search and retrieval capabilities
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October 2001:
Observations

Log Notes
Interviews

ISS Manuals

Capture informal knowledge 
Frame formal knowledge 

within context 
Decrease interruptions
Increase search and retrieval
Increase information sharing
Minimize repeated problem                     

solving for routine tasks
Redirect one-to-one to group                                                    

communication patterns

WorkIT

Written Requirements
Sketches
Mockup

Written Requirements
Sketches
Mockup

Prototype

Prototype
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Initial PrototypeInitial Prototype
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May 2002:
Use Case Testing (Designers)

Use Case Testing (BME’s)
Video taping

Capture informal knowledge 
Frame formal knowledge 

within context 
Decrease interruptions
Increase search and retrieval
Increase information sharing
Minimize repeated problem                     

solving for routine tasks
Redirect one-to-one to group                                                    

communication patterns

WorkIT

Written Requirements
Sketches
Mockup

Prototype

May 2002:
Use Case Testing (Designers)

Use Case Testing (BME’s)
Video taping
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First EvaluationFirst Evaluation

�� May 2002May 2002
�� Use Case testing by design groupUse Case testing by design group
�� Use Case testing on nonUse Case testing on non--BME’sBME’s (HCAAST (HCAAST 

members) members) –– video tapedvideo taped
�� Use Case testing on 2 Use Case testing on 2 BME’sBME’s
�� Plan Plan 

�� Leave the tool with the Leave the tool with the BME’sBME’s and have a focus groupand have a focus group

�� ActualActual
�� Problems evident, decided not to waste any BME Problems evident, decided not to waste any BME 

timetime

�� Video tape analysisVideo tape analysis
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Capture informal knowledge 
Frame formal knowledge 

within context 
Decrease interruptions
Increase search and retrieval
Increase information sharing
Minimize repeated problem                      

solving for routine tasks
Redirect one-to-one to group                                                    

communication patterns
Navigation should be 

straightforward
Search capability important
Task and Status Log Required

WorkIT

Written Requirements
Sketches

Annotated Screen Shots

Prototype

May 2002:
Use Case Testing (Designers)

Use Case Testing (BME’s)
Video taping

Capture informal knowledge 
Frame formal knowledge 

within context 
Decrease interruptions
Increase search and retrieval
Increase information sharing
Minimize repeated problem                      

solving for routine tasks
Redirect one-to-one to group                                                    

communication patterns
Navigation should be 

straightforward
Search capability important
Task and Status Log Required

Written Requirements
Sketches

Annotated Screen Shots
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WorkITWorkIT RequirementRequirement
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Revision to Revision to WorkITWorkIT RqmtRqmt StyleStyle



3737

Requirements CommunicationRequirements Communication

�� Use Screen Shots/SketchesUse Screen Shots/Sketches
�� Revision made sure to include URL Revision made sure to include URL 

address (indicating page and parameters)address (indicating page and parameters)
�� Items numbered and linked to locations on Items numbered and linked to locations on 

the pagethe page

�� Developer then turned these into his own Developer then turned these into his own 
ToDoToDo list list –– more emphasis on the more emphasis on the 
implications for the implementationimplications for the implementation
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Developer’s Developer’s ToDoToDo ListList



3939

Use of Use of WorkITWorkIT for Designfor Design

�� Track documentation (design Track documentation (design 
requirements, artifacts, etc.)requirements, artifacts, etc.)

�� Track actionsTrack actions
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WorkITWorkIT Design WorkspaceDesign Workspace
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Observations
Log Notes
Interviews

ISS Manuals

WorkIT

Written Requirements
Sketches

Annotated Screen Shots

Prototype

Capture informal knowledge 
Frame formal knowledge 

within context 
Decrease interruptions
Increase search and retrieval
Increase information sharing
Minimize repeated problem                      

solving for routine tasks
Redirect one-to-one to group                                                    

communication patterns
Navigation should be 

straightforward
Search capability important
Task and Status Log Required
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Second PrototypeSecond Prototype
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Main Changes in PrototypeMain Changes in Prototype

�� Changed navigation Changed navigation 
�� No left menu barNo left menu bar
�� Bread crumbs at topBread crumbs at top

�� SearchSearch
�� Additional search functionalityAdditional search functionality

�� Task and Status Log AdditionTask and Status Log Addition
�� Identified as key element to enable Identified as key element to enable 

functionality already available for functionality already available for BME’sBME’s
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ConclusionsConclusions

�� Framework has been successfully applied Framework has been successfully applied 
to the development of productsto the development of products

�� With proper tracking of intermediate With proper tracking of intermediate 
results, the project lifecycle is able to be results, the project lifecycle is able to be 
simultaneously used in all stagessimultaneously used in all stages

�� Methods for iterative evaluation and Methods for iterative evaluation and 
design are evolving into very useful toolsdesign are evolving into very useful tools

�� Empirical studies identified problems that Empirical studies identified problems that 
were addressed in the design and were addressed in the design and 
implementation of tools implementation of tools 
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Next StepsNext Steps

�� Evaluate Evaluate WorkITWorkIT, Logger, Report Maker, , Logger, Report Maker, 
Team Work CenterTeam Work Center

�� Migrate tools to a production environmentMigrate tools to a production environment

�� Continue observation and evaluationContinue observation and evaluation

�� Refine methodsRefine methods

�� Refine tools Refine tools 
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